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LWLVRIWHQGLIILFXOWWRWDNHIXOOVL]HVSHFLPHQVEHFDXVHRIWKHLUGLPHQVLRQVDQG
ZHLJKWPDNHKDQGOLQJDQGKHQFH&72'WHVWLQJGLIILFXOW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IRUJLQJVFDVWLQJVJLUWKZHOGVEHWZHHQSLSHVZLWKGLIIHUHQWZDOOWKLFNQHVV+HQFHWKH
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VSHFLPHQVEHFRPHVUHOHYDQW
)UDFWXUH WRXJKQHVV LVJHQHUDOO\ UHIHUUHG WRPDWHULDO VWUHQJWKDJDLQVWEULWWOHDQGVXGGHQSURSDJDWLRQRIDFUDFN
7KLV SDUDPHWHU LV FKDUDFWHULVWLF IRU HDFKPDWHULDO DQG LV LQIOXHQFHG E\ GLIIHUHQW IDFWRUV WKDW VLPXOWDQHRXVO\ DFW
VSHFLPHQ VL]H FUDFN GHSWK WHPSHUDWXUH FRQVWUDLQW JHRPHWU\ DQG ORDGLQJ FRQGLWLRQV ,Q RUGHU WR PHDVXUH WKH
IUDFWXUHWRXJKQHVVZKHQFRPSRQHQWJHRPHWU\GRHVQRWDOORZWRGUDZWKHVSHFLPHQRUWKHUDZPDWHULDOLVQRWODUJHU
HQRXJKWDNLQJDUHGXFHGVL]HVSHFLPHQORRNVWKHRQO\SRVVLEOHVROXWLRQ7KHUHIRUHZKHQWDNLQJDIXOOVL]HIUDFWXUH
WRXJKQHVVVSHFLPHQLVQRWSRVVLEOHVRPHTXHVWLRQVULVHKRZKDVWKHPLQLPXPVSHFLILHGWRXJKQHVV&72'JWREH
DGDSWHGWRUHVXOWVREWDLQHGZLWKDUHGXFHGWKLFNQHVVVSHFLPHQ"$QGZKHQDGDSWLQJLVGLIILFXOWRUQRWSRVVLEOHKRZ
KDYHWHVWSDUDPHWHUVHJWHPSHUDWXUHWREHWXQHGLQRUGHUWRUHDFKUHVXOWVVLPLODUWRWKRVHWKDWZRXOGEHREWDLQHG
ZLWKDIXOOVL]HVSHFLPHQ"
7KHDWWHPSWRIWKLVSDSHULVWRDQVZHUWKHVHTXHVWLRQVKHQFHWKHLQYHVWLJDWLRQVKDYHEHHQIRFXVHGRQWKHHIIHFWRI
VSHFLPHQ VL]HDQG WHPSHUDWXUHRQ IUDFWXUH WRXJKQHVV IRU D VSHFLILFPDWHULDO7KUHHSRLQWEHQG IUDFWXUH WRXJKQHVV
WHVWV ZHUH SHUIRUPHG DW GLIIHUHQW WHPSHUDWXUHV RQ FDUERQ VWHHO VLQJOH HGJH QRWFK EHQG 6(1% VSHFLPHQV ZLWK
GLIIHUHQWVL]H7HVWVZHUHFDUULHGRXWNHHSLQJXQYDULHGVSHFLPHQVJHRPHWU\ 6(1%VSDQDQG ORDGLQJFRQGLWLRQV
TXDVLVWDWLF DQG FKDQJLQJ MXVW WHPSHUDWXUH DQG VSHFLPHQ VL]H'DWDZHUH ILQDOO\ FRPSDUHG DQG ILWWHGXVLQJ WKH
:HLEXOOVWDWLVWLFDOZHDNHVWOLQNWKHRU\SURSRVHGE\:DOOLQ>@DQGODWHUDGRSWHGE\WKHVWDQGDUG$670(
>@,QWKLVVWDQGDUGWKHPDVWHUFXUYHUHODWHVWRXJKQHVVZLWKWHPSHUDWXUHLQSDUWLFXODULWDOORZVWRSUHGLFWWKHVL]H
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HIIHFW DQG WR REWDLQ WKH WRXJKQHVV H[SUHVVHG DVKJc IURP DQ\ WKLFNQHVV WR  LQFK  PP WKLFN VSHFLPHQV
RWKHUZLVH ODEHOOHG DV 7 VSHFLPHQV ,Q WKLV ZRUN WKH VDPH HTXDWLRQ ZDV DGRSWHG IRU ILWWLQJ WKH WRXJKQHVV
WKLFNQHVVGDWD
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ERXQGWKUHVKROGIUDFWXUHWRXJKQHVVDQGLWLVHTXDOWR03DPILQDOO\KJc(0)LQ03DPFRUUHVSRQGVWRWKH KJc
IRUWKHVSHFLPHQVZLWKWKLFNQHVV%LQPP
7KLVH[SUHVVLRQDERXWVL]HHIIHFWRQ.,FUHVXOWVZDVSURSRVHGE\:DOOLQ>@DQGODWHURQLWZDVLQFOXGHGLQWKH
$670(VWDQGDUG,QHTXDWLRQWKHWHUPVKJc(0)DQGB0DUHUHIHUUHGWR7VSHFLPHQVZKLOH KJc(x)DQG%[
DUH UHIHUUHG WR WKH WKLFNQHVV RI WKH WHVWHG VSHFLPHQ GLIIHUHQW IURP  PP >@ ,Q WKLV ZRUN WKH GDWD ZHUH
HODERUDWHG FRQVLGHULQJ J DQG &72' 7KHUHIRUH HTXDWLRQ  ZDV FRQYHUWHG IRU J FDOFXODWLRQV LQ WKH IROORZLQJ
HTXDWLRQ
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ZKHUHJxLQ1PPFRUUHVSRQGVWRWKHSUHGLFWHG-LQWHJUDOIRUDVSHFLPHQZLWKWKLFNQHVV%[ZKLOHJ0DQG%DUHWKH
-LQWHJUDO DQG WKH WKLFNQHVV RI WKH WHVW VSHFLPHQ UHVSHFWLYHO\ WKH WHUP E’ LV HTXDO WR E/(1-X2) ZKHUH E DQG X
UHSUHVHQW <RXQJPRGXOXV DQG 3RLVVRQ¶V UDWLR UHVSHFWLYHO\ 7KH FRQYHUVLRQ RI HTXDWLRQ  WR HTXDWLRQ  ZDV
SRVVLEOHWKDQNVWRWKHUHODWLRQVKLSEHWZHHQJDQGKJKJ = (JE’)$GRSWLQJHTXDWLRQDQGUHIHUULQJWKH³[´WHUP
WRDQDUELWUDU\YDOXHDPDVWHUFXUYHWRXJKQHVVJYVWKLFNQHVV%ZDVFRPSXWHG
)HUULWLFVWHHOVDVGHILQHGLQWKH$670(>@LVDWHUPJHQHUDOO\DVFULEHGWRVWHHOVWKDWKDYHERG\FHQWUHG
FXELFFU\VWDOODWWLFHDQGGLVSOD\GXFWLOHWREULWWOHWUDQVLWLRQWHPSHUDWXUHIUDFWXUHWRXJKQHVVFKDUDFWHULVWLFV7KHJURXS
RI IHUULWLF VWHHOV LQFOXGHV FDUERQ ORZDOOR\ KLJKHU DOOR\ JUDGHV LQGHSHQGHQWO\ IURP WKHLU PLFURVWUXFWXUHV WKDW
W\SLFDOO\ DUH WHPSHUHG PDUWHQVLWH EDLQLWH WHPSHUHG EDLQLWH IHUULWH DQG SHDUOLWH 7KH VWHHOV FRYHUHG E\ WKLV
QRPHQFODWXUH KDYH \LHOG VWUHQJWK LQFOXGHG EHWZHHQ  DQG 03D )HUULWLF VWHHOV DUH ZHOO NQRZQ DQG WKHLU
PHFKDQLFDO EHKDYLRXUZLWK WKH WHPSHUDWXUH KDV EHHQ VWXGLHG IURP GHFDGHV$OO WKHVH GDWD DOORZ WR GHILQH VRPH
IRUPXODVIRUWKHGHWHUPLQDWLRQRIWKH\LHOGVWUHQJWKV<IURP9LFNHUVKDUGQHVVPHDVXUHPHQWVRUIRUSUHGLFWLQJV<DW
ORZWHPSHUDWXUHIURPGDWDDFTXLUHGDWURRPWHPSHUDWXUH7KHVHIRUPXODVDUHDYDLODEOHLQ,62VWDQGDUG>@
DQGKHUHLQWKHIROORZLQJWKHRQHIRUWKHFDOFXODWLRQRIWKH\LHOGVWUHQJWKDWORZWHPSHUDWXUHLVVKRZQ
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ZKHUHV<LVWKHRIIVHW\LHOGVWUHQJWKDWURRPWHPSHUDWXUHLQ03D7LVWKHWHVWWHPSHUDWXUHLQ&DQGV<LQ
03DLVWKHRIIVHW\LHOGVWUHQJWKDWWHVWWHPSHUDWXUH
([SHULPHQWDO
7KLVZRUNLVEDVHGRQH[SHULPHQWDOWHVWVFDUULHGRXWRQWKUHHSRLQWEHQG6(1%VSHFLPHQVWDNHQIURPDIRUJHG
SODWHPDGH LQFDUERQVWHHO(13*+ZLWKQRPLQDO WKLFNQHVVPP)URP LW IRXU VTXDUHVHFWLRQHG
VSHFLPHQVZHUHWDNHQZLWKZLGWK:DQGWKLFNQHVV%HTXDOWRPPFRUUHVSRQGLQJWRDOHQJWK/ :RI
DERXW PP/DWHU IURP WKH WHVWHG DQG IUDFWXUHG PP WKLFN VSHFLPHQV RWKHU VXEVL]H DQG VTXDUH VHFWLRQ
VSHFLPHQVZHUHWDNHQ6SHFLPHQVZLWK%HTXDOWRDQGPPZHUHWDNHQDVVKRZQLQWKHVFKHPHLQ)LJ,QWKH
IROORZLQJWKHVSHFLPHQVDUHUHIHUUHGFRQYHUWLQJHDFK%LQLQFKHVDQGQDPLQJWKHPDV77DQG7UHVSHFWLYHO\
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IRUWKHPPPPDQGPPWKLFNQHVVHV7DEOHVKRZVVSHFLPHQVGLPHQVLRQVWRJHWKHUZLWKWKHLUODEHOVDQG
WKH IUDFWXUH SODQHV 7KHPDWHULDO RI WKH VSHFLPHQV LV D FDUERQ VWHHOZLWK DPLFURVWUXFWXUH FRPSRVHG E\ DFLFXODU
IHUULWHDQGFDUELGHVDQGD\LHOGVWUHQJWKRIDERXW03DDWURRPWHPSHUDWXUHLWVPHFKDQLFDOSURSHUWLHVFKHPLFDO
DQDO\VLVDQGWKHPLFURJUDSKLFLPDJHVDUHLQGLFDWHGLQ7DEOH7DEOHDQG)LJUHVSHFWLYHO\
7KH FKHPLFDO DQDO\VLVZDV SHUIRUPHGZLWK DQ RSWLFDO HPLVVLRQ VSHFWURPHWHUZKLOH WKHPLFURJUDSKLF VHFWLRQV
ZHUHPHFKDQLFDOO\SROLVKHGXSWRDQRPLQDOURXJKQHVVRIPDQGWKHQHWFKHGZLWKWKHUHDJHQW1LWDOWKHLPDJHV
ZHUHDFTXLUHGZLWKDQRSWLFDOPLFURVFRSH
$OO WKHPHFKDQLFDO WHVWV&72'DQGWHQVLOH WHVWVZHUHFDUULHGRXWZLWKD WHVWLQJPDFKLQHZLWKPD[LPXPORDG
FDSDFLW\RIr.1&72'WHVWVZHUHFDUULHGRXWDFFRUGLQJ WR%63DUW>@DQGDGRSWLQJD WHPSHUDWXUH
FKDPEHUFRQQHFWHGWRDOLTXLGQLWURJHQ/1'HZDUDVUHIULJHUDWLQJWRROIRUGLVSODFHPHQWPHDVXUHPHQWVDFOLSRQ
JDXJHZDVXVHG7HQVLOH WHVWVZHUH FDUULHGRXW DW URRP WHPSHUDWXUH DQG WKH WHQVLOHSURSHUWLHV DW WHVW WHPSHUDWXUH
VKRZQLQ7DEOHZHUHFDOFXODWHGDFFRUGLQJWRHTXDWLRQ3UHFUDFNLQJZDVFDUULHGRXWZLWKPD[LPXPORDGDQG
ORDG UDWLR LQDFFRUGDQFHZLWK%63DUW >@ DQGXS WRD WDUJHW FUDFN WRZLGWK UDWLR D:RI IRU HDFK
VSHFLPHQIRUSUHFUDFNLQJIDWLJXHF\FOLQJDVHUYRK\GUDXOLFPDFKLQHZLWKDPD[LPXPZRUNLQJIUHTXHQF\RI+]
ZDVDGRSWHG
7KHFUDFNWLSRSHQLQJGLVSODFHPHQW&72'ZDVFDOFXODWHGIURPWKHQRWFKRSHQLQJGLVSODFHPHQW9ZKLOHWKH
-LQWHJUDOZDVFDOFXODWHGIURPWKHORDGOLQHGLVSODFHPHQW//'IROORZLQJWKHIRUPXODVLQGLFDWHGLQ%63DUW
>@ IRU HDFK VSHFLPHQ (DFK WHVWZDV FRQGXFWHG DGRSWLQJ D GLVWDQFH RI WKH QRWFK RSHQLQJ JDXJH ORFDWLRQ DERYH
VSHFLPHQVXUIDFH]HTXDOWRPP
7KH7VSHFLPHQVZHUHWHVWHGDW&ZKLOHWKH7VSHFLPHQVZHUHWHVWHGDWDQG&ILQDOO\WKH7
VSHFLPHQVZHUH WHVWHGDW & & &DQG&<LHOGVWUHQJWKDW WHVW WHPSHUDWXUHZDVFDOFXODWHGXVLQJ
HTXDWLRQ  DQG REWDLQHG UHVXOWV DUH JLYHQ LQ7DEOH 7KH IUDFWXUH WRXJKQHVV WHVWVZHUH FDUULHG RXWZLWK VWUHVV
LQWHQVLW\IDFWRUWDUJHWUDWH

K RI03DPVDQGNHHSLQJWKHVSDQHTXDOWR:IRUHDFKVSHFLPHQVL]H


)LJ%DVLFIUDFWXUHSODQHLGHQWLILFDWLRQVFKHPHDQGGHWDLORIWKHSRVLWLRQVZKHUHWKH7DQG7VSHFLPHQVZHUHWDNHQIURPWKH7VSHFLPHQ
7DEOH'LPHQVLRQVRIWKH77DQG7VSHFLPHQV
/DEHO
:LGWK 7KLFNQHVV 6SDQ /HQJWK $YHUDJHFUDFNWRZLGWKUDWLR )UDFWXUH
SODQH: % 6 / D:
>PP@ >PP@ >PP@ >PP@ 
7      ;=
7      ;=
7      ;=
7DEOH0HFKDQLFDOSURSHUWLHVRIWKHPDWHULDORIWKHVSHFLPHQVDWURRPWHPSHUDWXUH
V< V7 $ ( X
>03D@ >03D@ >@ >*3D@ 
    
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7DEOH2(6FKHPLFDODQDO\VLVRIWKHPDWHULDORIWKHVSHFLPHQVYDOXHVLQZHLJKWSHUFHQWDJH
& 6L 0Q 3 6 $O 1 &U &X 0R 1E 1L 9 )H
             EDODQFH


)LJ2SWLFDOPLFURVFRSHPLFURJUDSKLFLPDJHVDWGLIIHUHQWPDJQLILFDWLRQRIWKHPLFURVWUXFWXUHRIPDWHULDORIWKHVSHFLPHQVDFLFXODUIHUULWHDQG
FDUELGHV1LWDOHWFKLQJ
7DEOH±9DOXHVRIV<FDOFXODWHGIRUHDFKWHVWWHPSHUDWXUHXVLQJHTXDWLRQ
V<& V<& V<& V<& V<&
>03D@ >03D@ >03D@ >03D@ >03D@
    
5HVXOWV
7HVWUHVXOWVDUHLQGLFDWHGLQ7DEOH+HUHWKHYDOXHVRI&72'DQG-DUHJLYHQIRUHDFKVSHFLPHQWRJHWKHUZLWK
WHVWWHPSHUDWXUH\LHOGVWUHQJWKDWWHVWWHPSHUDWXUHSODVWLFFRPSRQHQWRI99SPD[LPXPDSSOLHGIRUFH)PD[DQG
OLJDPHQWOHQJWKb0RWKHUZLVHWKHGLVWDQFHEHWZHHQWKHFUDFNWLSa0WRWKHEDFNIDFHRIWKHVSHFLPHQb0 = W – a0
)XUWKHUPRUHWKHDYHUDJH&72'YDOXHIRUWKH7VSHFLPHQVZDVXVHGDVUHIHUHQFHIRUQRUPDOL]LQJWKH&72'YDOXHV
REWDLQHGZLWKWKH7DQG7VSHFLPHQV&72'[7&72'7UDWLR
,Q)LJVRPHIUDFWXUHVXUIDFHVIRUVSHFLPHQVZLWKGLIIHUHQW WKLFNQHVVDQG WHVWHGDWGLIIHUHQW WHPSHUDWXUHVDUH
VKRZQ+HUH WKHHIIHFWRI WHVW WHPSHUDWXUH LVFOHDUO\GLVWLQJXLVKDEOH LQ IDFW LWFDQEHKLJKOLJKWHGKRZWKH ODWHUDO
GHIRUPDWLRQDQGWKHVWDEOHFUDFNSURSDJDWLRQ]RQH'DEHWZHHQWKHFOHDYDJHIUDFWXUHDQGWKHIDWLJXHFUDFNLQFUHDVH
DVWKHWKLFNQHVVLVUHGXFHGDQGGHFUHDVHDVWKHWHVWLQJWHPSHUDWXUHLVUHGXFHG
7KHYDOXHVRIJDQG&72'ZHUHSORWWHGYVWKLFNQHVVDQGWHPSHUDWXUHLQWKHFKDUWVVKRZQLQ)LJDQG)LJ
UHVSHFWLYHO\ ,Q SDUWLFXODU LQ )LJ  WKH H[SHULPHQWDO GDWD DQG WKH SUHGLFWLRQ FDOFXODWHG ZLWK HTXDWLRQ  ZHUH
FRPSDUHGDGRSWLQJDVJ0DQG%WKHDYHUDJHYDOXHVREWDLQHGIRUWKH7VSHFLPHQVWKHFDOFXODWHGGDWDDUHSORWWHGDV
VROLGOLQH2EVHUYLQJWKHJYV%FKDUWLQ)LJLWFDQEHQRWHGWKDWWKH7GDWDDW&DUHIDUIURPWKHSUHGLFWLRQ
RIHTXDWLRQWKLVKLJKOLJKWVWKHGLIIHUHQFHRIWKHEHKDYLRXUDWWKHVDPHWHPSHUDWXUHEHWZHHQWKH7DQGWKH7
VSHFLPHQV7KLVGLIIHUHQFHFDQEHREVHUYHGDOVRLQ)LJZKHUHWKHIUDFWXUHVXUIDFHVRIWKH7DQG7VSHFLPHQV
WHVWHGDW &ZHUHFRPSDUHG)RFXVLQJRQ WKHVWDEOHFUDFNH[WHQVLRQDQGRQ WKH ODWHUDOGHIRUPDWLRQ WKHVH WZR
IUDFWXUHVXUIDFHVDSSHDUDVUHDOO\GLIIHUHQWLQSDUWLFXODUWKH7VSHFLPHQH[KLELWVDODUJHU'DWKDQWKH7RQH2Q
WKHRWKHUKDQGWKHDSSHDUDQFHRIWKHIUDFWXUHVXUIDFHDQGWKH'DOHQJWKRIWKH7VSHFLPHQDW&LVPRUHVLPLODU
WRWKRVHRIWKH7VSHFLPHQWKLVVLPLODULW\LVDOVRFRQILUPHGE\WKHJYV%FKDUWLQ)LJZKHUHWKHSUHGLFWHGFXUYH
PDWFKHVWKHDYHUDJHRIWKHGDWDDERXWWKH7VSHFLPHQVWHVWHGDW&
,QRUGHUWREHWWHUGLVWLQJXLVKWKHEHKDYLRXURI-LQUHVSHFWWRWKHWHPSHUDWXUH)LJKDVWREHREVHUYHG+HUHWKH
VFDWWHULQJ RI WKH 7 VSHFLPHQV LV FOHDUHU EHFDXVH WKH GDWD ZHUH VSOLW EHWZHHQ WKH GLIIHUHQW WHVW WHPSHUDWXUHV
0RUHRYHUREVHUYLQJWKHDYHUDJHVRIWKHH[SHULPHQWDOGDWDIXOOPDUNHUVDWUHQGRI-YV7FDQEHGLVWLQJXLVKHG2Q
WKHRWKHUKDQGWKH&72'YV7FKDUWH[KLELWVDPRUHFRQVWDQWEHKDYLRXURIWKHVSHFLPHQVWKXVWKH\DSSHDUDV
DOLJQHGZLWKWKH7DYHUDJHYDOXH
60   Marco Palombo et al. /  Procedia Engineering  109 ( 2015 )  55 – 64 
$SDUW IURP RQH VSHFLPHQ VKRZLQJ WKH KLJKHVW YDOXHV RI &72' DQG J DOO WKH VSHFLPHQV UHDFKHG WKH EULWWOH
IUDFWXUHDWWKHHQGRIWKHWHVW1HYHUWKHOHVVWKHIRUFHSODWHDXDQGKHQFHDIXOO\SODVWLFEHKDYLRXUZDVREVHUYHGMXVWLQ
RQH RI WKH 7 VSHFLPHQV DW & DOO WKH UHPDLQLQJ 7 UHVXOWV DW WKH VDPH 7 DSSHDU YHU\ GLIIHUHQW IURP WKRVH
REWDLQHGIRUWKH7VSHFLPHQVDWWKHVDPHWHPSHUDWXUH)LJDQG)LJ0RUHRYHUWKH&72'DQGJYDOXHVDUH
WZRRUWKUHHWLPHVJUHDWHUWKDQWKHDYHUDJH7YDOXHV
,Q)LJIXUWKHUWZRJUDSKVZHUHUHSRUWHGRQHVKRZVWKHEHKDYLRXUYVWKHWHPSHUDWXUHRIWKH&72'YDOXHVIRU
WKH7DQG7VSHFLPHQVQRUPDOL]HGWRWKH7DYHUDJH&72'WKHVHFRQGRQHLVDQLVRWRXJKQHVVFKDUWZKHUH7LV
UHODWHGWR%FRQVLGHULQJWKRVHUHVXOWVORZHUDQGPXFKFORVHUWRD&72'[7&72'7RI,QSDUWLFXODUWKHVHOHFWLRQ
FULWHULRQFRQVLGHUHGGDWDRQO\LQWKHUDQJH&72'[7&72'77KHUHIRUHWKHJURXSVRIWHVWVWKDWRYHUFRPH
WKLVOLPLWZLWKPRUHWKDQRQHGDWXPDVWKH7VSHFLPHQVDW&DQGWKH7VSHFLPHQVDW&DQGDW&
ZHUHH[FOXGHGIURPWKHFKDUWWRJHWKHUZLWKWKHGDWDREWDLQHGIURPWKH7VSHFLPHQVDW&EHFDXVHWRRORZ
$IWHU WKLV VHOHFWLRQ MXVW WKH GDWD IRU 7 VSHFLPHQV DW & DQG IRU WKH 7 VSHFLPHQV DW &ZHUH FKRVHQ
)LQDOO\WKHSRLQWVLQWKHLVRWRXJKQHVVZHUHLQWHUSRODWHGZLWKDOLQHDUHTXDWLRQRIWKHIRUP7 P%NZKHUHPDQG
NZHUHFRPSXWHGLQRUGHUWRREWDLQDOLQHWKDWSDVVHVWKURXJKWKHUHIHUHQFHSRLQWFRUUHVSRQGLQJWRWKH7VSHFLPHQV
%DQG7PPDQG&
7DEOH7HVWUHVXOWV
%: b0 a0/W J &72' 7 V< )PD[ 9S 8S CTODxT/CTOD6T 
>PP@ >PP@  >1PP@ >PP@ >&@ >03D@ >1@ >PP@ >1PP@ 
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)LJ)UDFWXUHVXUIDFHVRI77DQG7VSHFLPHQVWHVWHGDWGLIIHUHQWWHPSHUDWXUHV
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)LJJYV%OHIWSDQHODQG&72'YV%ULJKWSDQHOHDFKPDUNHUFRUUHVSRQGVWRDGLIIHUHQWWHVWWHPSHUDWXUHZKHUHDVWKHVROLGOLQHFXUYH
UHSUHVHQWVWKHYDOXHVRI-FDOFXODWHGZLWKWKHZHDNHVWOLQNWKHRU\KHQFHZLWKHTXDWLRQWKHZKLWHPDUNHUVDUHUHIHUUHGWRWKHH[SHULPHQWDOGDWD
IRUHDFKWHVWWHPSHUDWXUH&GLDPRQGV&VTXDUHV&WULDQJOHV&FURVVHVDQG&FLUFOHVWKHIXOOPDUNHUVFRUUHVSRQG
WRWKHDYHUDJHV
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)LJJYV7OHIWSDQHODQG&72'YV7ULJKWSDQHO WKHZKLWHPDUNHUVFRUUHVSRQGWRWKHH[SHULPHQWDOGDWDIRUHDFKVSHFLPHQWKLFNQHVV
7VTXDUHV7WULDQJOHVDQG7FLUFOHVWKHIXOOPDUNHUVUHSUHVHQWWKHDYHUDJHV
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
)LJ7QRUPDOL]HG&72'UDWLRVIRUWKH7DQG7VSHFLPHQVYVWKHWHPSHUDWXUHOHIWSDQHOZKHUHLQWKHZKLWHPDUNHUVFRUUHVSRQGWRWKH
7QRUPDOL]HGH[SHULPHQWDOGDWDIRUWKHVSHFLPHQWKLFNQHVV7VTXDUHVDQG7WULDQJOHVZKHUHDVWKHIXOOPDUNHUVUHSUHVHQWWKHDYHUDJHV
RQWKHULJKWSDQHOWKH³LVRWRXJKQHVV´FKDUWVKRZVWKHEHKDYLRXURI7YV%IRUVSHFLPHQVZLWKWKHVDPHWRXJKQHVV
'LVFXVVLRQ
,QWKLVZRUN6(1%VSHFLPHQVZLWKGLIIHUHQWVL]HZHUHWDNHQIURPODUJHUVSHFLPHQVZLWKDWKLFNQHVVRIPP
)XUWKHUPRUH ZLWK WKH SXUSRVH WR ILQG D FRUUHODWLRQ FULWHULRQ EHWZHHQ WRXJKQHVV &72' J WKLFNQHVV % DQG
WHPSHUDWXUH7LQRUGHUWRDOORZWKHDGRSWLRQRIUHGXFHGVL]HVSHFLPHQVIUDFWXUHWRXJKQHVVWHVWVZHUHFDUULHGRXWDW
GLIIHUHQW 7 7KH &72' DQG J UHVXOWV ZHUH GLVSRVHG YV 7 DQG YV % LQ GLIIHUHQW FKDUWV PRUHRYHU WKH:HLEXOO
VWDWLVWLFDOZHDNHVWOLQNWKHRU\SURSRVHGE\:DOOLQ>@DQGH[SUHVVHGLQHTXDWLRQIRUWKHGHWHUPLQDWLRQRIJ,ZDV
VXSHULPSRVHGWRH[SHULPHQWDOGDWD7KHEHKDYLRXURIWKHUHGXFHGVL]H7VSHFLPHQWHVWHGDWWKHVDPHWHPSHUDWXUH
&RIWKH7IXOOVL]HVSHFLPHQVZDVFORVHWREHIXOO\SODVWLFDQGLQDVLQJOHFDVHH[KLELWHGDIRUFHSODWHDXDQG
KHQFH D IXOO\ SODVWLF EHKDYLRXU%HFDXVHRI WKLV ODUJHSODVWLF GHIRUPDWLRQ WKH WRXJKQHVV YV WKLFNQHVV SUHGLFWLRQ
VKRZHGDWUHQGWKDWGLGQRWPDWFKZLWKWKHH[SHULPHQWDOGDWD+RZHYHUWKHSUHGLFWLRQLQWHUVHFWHGWKHGDWDRIWKH7
VSHFLPHQV WHVWHGDW &DQG WKHGDWDRI7 WHVWHG IURP& WR &7KHZHDNHVW OLQN WKHRU\SUHGLFWV WKH
WRXJKQHVVIRUDGLIIHUHQW%IURPWKHWHVWHGRQHFRQVLGHULQJDVXQFKDQJHGWKHWHVWFRQGLWLRQVWKDWGHWHUPLQHGWKHWHVW
UHVXOW:KHQWKHWHVWFRQGLWLRQVDUHFULWLFDOHJWKHWHPSHUDWXUHLVFORVHWRWKHUHIHUHQFHWHPSHUDWXUH>@WKLVWKHRU\
ZRUNVRQWKHRWKHUKDQGZKHQWKHWHPSHUDWXUHLVLQFUHDVHGDQGSODVWLFGHIRUPDWLRQVEHFDPHJUHDWHUWKHPDWFKLQJ
EHWZHHQH[SHULPHQWDODQGSUHGLFWHGGDWDGHFUHDVHV+HQFHLIWKHSUHGLFWLRQLQWHUVHFWHGWKHGDWDRIWKHUHGXFHGVL]H
VSHFLPHQVWHVWHGDWORZHUWHPSHUDWXUHWKDQ&WKLVPHDQVWKDWLQRUGHUWRNHHSWKHVDPHFRQVWUDLQWFRQGLWLRQV
WKHWHPSHUDWXUHKDVWREHUHGXFHG
,Q RUGHU WR ILQG D FRUUHODWLRQ EHWZHHQ WHPSHUDWXUH WRXJKQHVV DQG WKLFNQHVV DQ LVRWRXJKQHVV FKDUW ZDV
GHWHUPLQHGUHSRUWLQJ7YV%IRUWKRVHVSHFLPHQVWKDWH[KLELWHGDEHKDYLRXUPXFKPRUHVLPLODUWRWKDWVKRZQE\WKH
7 VSHFLPHQV 7KLV VLPLODULW\ ZDV TXDQWLILHG QRUPDOL]LQJ WKH &72' GDWD ZLWK 7 DYHUDJH &72' DQG KHQFH
FDOFXODWLQJWKH&72'[7&72'7UDWLR7KHWDUJHWOLPLWZDVIL[HGDVHTXDOWRDQGWKHGDWDWKDWRYHUFRPHWKLVOLPLW
ZHUH H[FOXGHG WRJHWKHU ZLWK WKRVH WRR IDU IURP LW EHFDXVH WRR ORZ ,Q SDUWLFXODU D WKH ORZHU OLPLW RI  ZDV
FKRRVHQ 7KH OLQHDU LQWHUSRODWLRQ VKRZQ LQ )LJ  DOORZV WR GHWHUPLQH WKH WHVW WHPSHUDWXUH IRU D VSHFLPHQZLWK
UHGXFHG VL]HVR WKDW WKH VDPH WRXJKQHVV UHVXOWVRI WKH IXOO VL]H 7 VSHFLPHQVZLOOEHREWDLQHG7KLVFRUUHODWLRQ
FULWHULRQ LV UHDOO\ SRZHUIXO EHFDXVH DW WKH VDPH WLPH DOORZV WR SUHGLFWZKLFKZLOO EH WKH7 DQG WKH% IRU ODUJHU
VSHFLPHQWKDQWKRVHWHVWHGDQGQHFHVVDU\WRREWDLQWKHVDPHWRXJKQHVVUHVXOWV)XUWKHUPRUHWKHGDWDSORWWHGLQWKH
LVRWRXJKQHVVFKDUWRI)LJDQGEHORQJLQJWRDYHUDJH&72'[7&72'7HTXDOWRIRUWKH7VSHFLPHQVDW&
DQGIRUWKH7VSHFLPHQVDW&PDNHWKHOLQHDULQWHUSRODWLRQFRQVHUYDWLYH
7KHUHIRUH FRPLQJEDFN WRTXHVWLRQVSURSRVHG LQ WKH ,QWURGXFWLRQSDUDJUDSKKRZKDV WKHPLQLPXPVSHFLILHG
WRXJKQHVV&72'JWREHDGDSWHGWRWKHUHVXOWVREWDLQHGZLWKDUHGXFHGWKLFNQHVVVSHFLPHQ"$QGZKHQDGDSWLQJ
LVGLIILFXOWRUQRWSRVVLEOHLQRUGHUWRUHDFKUHVXOWVVLPLODUWRWKRVHWKDWZLOOEHREWDLQHGZLWKDIXOOVL]HVSHFLPHQV
KRZKDYHWHVWSDUDPHWHUVHJWHPSHUDWXUHWREHWXQHG"
7KHDQVZHUWRWKHILUVWTXHVWLRQLVWKDWDGDSWLQJ&72'RUJUHVXOWVREWDLQHGIURPUHGXFHGVL]HVSHFLPHQVWHVWHG
DW WKHVDPH WHPSHUDWXUHRI IXOO VL]HRQHV LV UHDOO\GLIILFXOWEHFDXVH UHGXFLQJVL]H WKH ULVN WRKDYHD IXOO\SODVWLF
EHKDYLRXUEHFRPHVUHOHYDQWWKHUHIRUHDGDSWLQJWKHUHVXOWVEHFRPHVGLIILFXOWDQGULVN\
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7KH DQVZHU WR WKH VHFRQG TXHVWLRQ LV JLYHQ E\ WKH LVRWRXJKQHVV FKDUW WKLV FKDUW DOORZV WR HYDOXDWH WHVW
WHPSHUDWXUH UHGXFWLRQ DFFRUGLQJ ZLWK VL]H UHGXFWLRQ LQ RUGHU WR REWDLQ WRXJKQHVV YDOXHV VLPLODU WR WKRVH
FKDUDFWHUL]LQJIXOOVL]HVSHFLPHQV
7KH DERYH GHVFULEHG FRUUHODWLRQ FRXOG EH DOVR DSSOLHG WR WKH FKDUDFWHUL]DWLRQ RI ZHOGV $ UHGXFHG WKLFNQHVV
VSHFLPHQFRXOGEHWDNHQIURPDWKLFNMRLQW,IWHVWWHPSHUDWXUHDQGWKLFNQHVVIRUDIXOOVL]HVSHFLPHQDUHNQRZQWKH
FXUYH RI WKH LVRWRXJKQHVV FKDUW LQ )LJ  FDQ EH VKLIWHG LQ RUGHU WR LQWHUSRODWH WKLV FRRUGLQDWH /DWHU WKH WHVW
WHPSHUDWXUHIRUWKHUHGXFHGVL]HVSHFLPHQFDQEHFDOFXODWHGRUJUDSKLFDOO\GHWHUPLQHG,QWKLVZD\WKHUHVXOWRIWKH
UHGXFHGVL]HVSHFLPHQVZLOOEHWUDQVSRVHGRQWKHIXOOVL]HMRLQWLQDFRQVHUYDWLYHZD\
,WVKRXOGEHQRWHGKRZHYHUWKDWWKHQXPEHURIWHVWVWKDWZHUHFDUULHGRXWLQRUGHUWRGHWHUPLQHWKHLVRWRXJKQHVV
FKDUW LV QRW VXIILFLHQW DW WKLV VWDJH WR SURYLGH D IXOO\ UHOLDEOH FRUUHODWLRQ ,Q SDUWLFXODU IXUWKHU WKLFNQHVV YDOXHV
VKRXOG EH H[DPLQHG DQG WHVW WHPSHUDWXUH KDV WR EH WXQHG VR WKDW WKH QRUPDOL]HG &72' UDWLR DSSURDFKHV 
0RUHRYHULQWKLVZRUNDOLQHDULQWHUSRODWLRQZDVFKRVHQEHFDXVHRIWKHVPDOODPRXQWRIGDWDWKDWGRHVQRWH[FOXGH
WKDWZLWK IXUWKHUGDWD WKH LVRWRXJKQHVV FKDUW FRXOGKLJKOLJKW DGLIIHUHQW WUHQG)LQDOO\ WKLV FKDUW LV UHIHUUHG WRD
VSHFLILF PDWHULDO LQ RUGHU WR DSSO\ LW WR RWKHU IHUULWLF VWHHOV WKHUHIRUH IXUWKHU LQYHVWLJDWLRQ DQG H[SHULPHQWDO
DFWLYLWLHVKDYHWREHFDUULHGRXW
&RQFOXVLRQV
7KLV SDSHU LV IRFXVHG RQ GHILQLQJ D FULWHULRQ WKDW DOORZV WR WDNH UHGXFHG VL]H IUDFWXUH WRXJKQHVV VSHFLPHQV
DGDSWLQJ WKH UHVXOWVRU WXQLQJ WKH WHVWLQJ WHPSHUDWXUH VR WKDW WRXJKQHVVYDOXHV VLPLODU WR WKRVHFKDUDFWHUL]LQJ IXOO
VL]HVSHFLPHQVZLOOEHREWDLQHG
,QRUGHUWRSXUVXLWWKLVDLP6(1%VSHFLPHQVZLWKGLIIHUHQWWKLFNQHVVHVZHUHWHVWHGDWGLIIHUHQWWHPSHUDWXUHV7KH
VSHFLPHQVZHUHWDNHQIURPIXOOVL]HVSHFLPHQV% PPQDPHG7REWDLQLQJ7% PPDQG7% 
PP VSHFLPHQV 7KH 7 VSHFLPHQV ZHUH WDNHQ IURP D FDUERQ VWHHO IRUJHG SODWH (1  3*+ZLWK D
QRPLQDO WKLFNQHVV RI PP )UDFWXUH WRXJKQHVV WHVWVZHUH FDUULHG RXW DW WKH IROORZLQJ WHPSHUDWXUHV & 
& & & DQG & 7KH WDUJHW WRXJKQHVV ZDV WKDW REWDLQHG IURP 7 VSHFLPHQV DW & DQG
FRUUHVSRQGLQJ WR DQ DYHUDJH&72'RI PPDQG DQ DYHUDJHJ RI 1PP7KH IROORZLQJ UHPDUNV FDQEH
VXPPDUL]HG
x 7KH IUDFWXUH WRXJKQHVV WHVWV FDUULHG RXW RQ WKH 7 VSHFLPHQV DW &SURGXFHG&72'DQG J YDOXHV KLJKO\
JUHDWHU WKDQ WKRVH REWDLQHG DW WKH VDPH WHPSHUDWXUH ZLWK WKH 7 VSHFLPHQV %HFDXVH RI WKH ODUJH SODVWLF
GHIRUPDWLRQRIWKHVHUHGXFHGVL]HVSHFLPHQVWKHWRXJKQHVVYVWKLFNQHVVSUHGLFWLRQLQGLFDWHGDWUHQGWKDWGLG
QRWPDWFKZLWKWKHH[SHULPHQWDOGDWD
x :LWKWKHDLPWREHWWHUFRPSDUHWKHUHVXOWVWKH&72'YDOXHVZHUHQRUPDOL]HGWRWKHWDUJHWYDOXHREWDLQHGIRU
WKH7VSHFLPHQV ODWHUDOO WKH UDWLRVRXWRI WKHUDQJH·ZHUHH[FOXGHG7KHVHOHFWLRQDOVRGLVFDUGHG WKH
ZKROH JURXSV RI GDWD ZLWK PRUH WKDQ RQH YDOXH RXW RI WKLV UDQJH 7KH UHPDLQLQJ GDWD ZHUH SORWWHG LQ DQ
LVRWRXJKQHVVFKDUWFRQVLGHULQJMXVWWKHWHVWWHPSHUDWXUHDQGWKHWKLFNQHVV7KHGDWDZHUHLQWHUSRODWHGDGRSWLQJD
OLQHDUH[SUHVVLRQDQGDFRUUHODWLRQFULWHULRQZDVIRXQG
x ,QRUGHUWRUHDFKWKHVDPHWRXJKQHVVUHVXOWVRIDIXOOVL]HVSHFLPHQWKHLVRWRXJKQHVVFKDUWDOORZVWRHYDOXDWH
KRZ WHVW WHPSHUDWXUH VKDOOEHGHFUHDVHG LID UHGXFHGVL]H LV WDNHQ$V WKLV FKDUWZDVGHWHUPLQHGFRQVLGHULQJ
QRUPDOL]HG&72'UDWLRVORZHUWKDQLWDOORZVWRSHUIRUPWHVWVLQFRQVHUYDWLYHFRQGLWLRQV
,WVKRXOGEHILQDOO\XQGHUOLQHGWKDWHYHQLIDILUVWVWHSKDVEHHQDFFRPSOLVKHGDQGVRPHEDVLFUHVXOWVKDYHEHHQ
DFKLHYHG LQ RUGHU WR LPSURYH WKH UHOLDELOLW\ RI WKH SURSRVHG DSSURDFK IXUWKHU LQYHVWLJDWLRQ DQG H[SHULPHQWDO
DFWLYLWLHV DUH QHHGHG ,Q SDUWLFXODU IXUWKHU WKLFNQHVV YDOXHV DQG WHPSHUDWXUHV VKRXOG EH H[SORUHGPRUHRYHU WKH
VDPHH[SHULPHQWDOFDPSDLJQVKRXOGEHSHUIRUPHGIRUIHUULWLFVWHHOVGLIIHUHQWIURPWKHLQYHVWLJDWHGRQH

$FNQRZOHGJHPHQWV
7KHDXWKRUVVLQFHUHO\WKDQN*LDQOXLJL&RVVRDQG0DUFR=DEELDIRUWKHIUXLWIXOGLVFXVVLRQVDERXWWKHUHVXOWVDQG
IRU WKHLU VXSSRUW DQG HYHUDYDLODEOH KHOS D JUDWHIXO WKDQNV DOVR WR$QWRQLR%LDQFR DQG )XOYLR*XDVWDOOD IRU WKH
VSHFLPHQVSUHSDUDWLRQILQDOO\ WKDQNV WR3LHUR6DEELRQHIRUKLVNLQGDVVLVWDQFHGXULQJWKH WHVWV7KDQNV WR1LFROz
$QJHOLFD IRUKLV LQWHUHVW LQ WKHZKROH DFWLYLW\ DQG IRUKLP VXSSRUW LQ WKHPHDVXUHPHQWV7KDQNV DOVR WR0LFKHOH
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0XUJLDIRUNLQGO\DFFHSWHGUHYLHZLQJWKHSDSHUEHIRUHVXEPLVVLRQDQGIRUKLVVXSSRUWGXULQJWKHZKROHZRUN
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